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Purpose or Objective: Recently, a second generation Multi-
Leaf Collimator (InCise 2™) was released for the CyberKnife® 
M6™ robotic radiotherapy system. As part of the evaluation 
and initial characterization, physical, dosimetric and planning 
parameters were recorded. Further, planning studies on 
phantoms were performed to compare the InCise 2 to the 
Iris™ collimator system. 
 
Material and Methods: As part of the InCise 2 validation, 
leakage, TG-50 picket fence, Bayouth fence and automated 
quality assurance measurements were performed using 
radiochromic film. End to end delivery tests were performed 
for skull-, fiducial-, x-sight spine-, x-sight lung- and 
synchrony tracking. Ten treatment plans and five QA plans 
were delivered to phantoms using the InCise 2. Ionization 
chamber measurements as well as film measurements were 
compared with dose calculated by the treatment planning 
system. For dosimetric assessment, treatment plans to water 
phantoms were generated using the IRIS collimator system 
and the InCise 2 MLC. On a cylindrical water phantom of a 
diameter of 20 cm, spherical target volumes of diameters 
from 5 to 80 mm were drawn. Firstly, the dose optimization 
algorithm using the MLC was assessed using a simple Optimize 
Minimum Dose (OMI) objective. Secondly, shell volumes were 
generated around the target volumes and their coverage was 
optimized (OCI). 1000 cGy were prescribed to the 80% 
isodose. Dose distributions, Nakamura’s new Conformity 
Index (nCI) as well as optimization and estimated treatment 
times were analyzed. 
 
Results: All validation tests were passed within tolerances. 
Maximum leakage was recorded as 0.44% for all MLC 
orientations. Mean leaf positioning errors in Bayouth fence 
tests ranged from -0.043 mm to 0.006 mm, without any 
individual leaves exceeding the tolerance of ±0.27 mm. All 
phantom plans were delivered successfully, with recorded 
dose for QA plans differing 1.94% ±1.03% from calculated 
dose and gamma analysis (3% / 1mm, 20% dose threshold) 
showing > 97% agreement. Total end to end tracking errors 
were below 0.95 mm for all tested tracking methods. Testing 
the optimization algorithm revealed nCI values for plans 
optimized based on target volume shells between 1.02 and 
1.50 for plans using the InCise 2 and 1.05 and 1.43 for IRIS. 
MLC optimization times increased as a function of both target 
size and optimization steps, ranging from 12 s for the 5 mm 
PTV OMI plan to 7 h for the 80 mm PTV shell based 
optimization. Estimated treatment times including setup 
times for the synthetic plans were reduced by a mean of 
19.1% when choosing the InCise 2 over the IRIS. 
 
Conclusion: The InCise 2 MLC system passed initial physics 
evaluation at our site and showed dose distributions 
comparable to the CyberKnife IRIS collimator system for 
spherical targets. Estimated MLC treatment times are about 
20% lower compared to the IRIS collimator system. 
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Purpose or Objective: Recently emerged radiotherapy 
methods such as intensity-modulated or image-guided 
radiotherapy are capable of delivering very conformal dose 
distributions to patients, but their accuracy can be greatly 
compromised by e.g. the deformation of organs in the 
patient. The accuracy of deformable registration algorithms 
developed to correct for this is not well known due to the 
challenging nature of deformation measurements. A new type 
of deformable radiochromic 3D dosimeter consisting of a 
silicone matrix has recently been developed in our group. 
This dosimeter makes direct dose measurements in deformed 
geometries possible. The aim of this study was to investigate 
its mechanical properties in terms of tensile stress and 
compression. 
 
Material and Methods: The dosimeter contained the 
SYLGARD® 184 Silicone Elastomer kit (Dow Corning), Leuco-
Malachite Green (LMG) dye as the active component and 
chloroform as solvent and sensitizer. To determine the shape 
of the dosimeter's stress-strain curve and Young's modulus 
(Y), tensile stress was imposed on rod shaped samples along 
their central axis and the resulting strain was observed using 
a camera. To define Y a linear approximation was made for 
small strains. This was done at varying times after 
production, for varying curing agent concentrations and for 
both irradiated and non-irradiated dosimeters. 10 × 10 cm2 
photon fields with beam quality 6 MV were used to deliver a 
dose of 60 Gy at 600 MU/min. To investigate whether the 
density of the material is conserved under compression, 
dosimeters were CT-scanned while placed in a wooden clamp 
to impose varying degrees of compressive stress. Finally, 
dosimeters were also partially irradiated while subject to 
tensile stress to see if the irradiated areas would return to 
the original geometry once the stress was removed after 
irradiation. 
 
Results: The measured stress-strain curves did not show 
hysteresis or plastic deformation, even after multiple 
deformations. Y was found to be 0.08-0.2 MPa 48 hours after 
production depending on the amount of curing agent (see 
figure), and it increased at an exponentially decreasing rate 
for up to several weeks afterwards due to further hardening. 
Irradiation prior to imposing tensile stress did not affect the 
mechanical properties immediately, but it slowed the 
hardening process in the following days. The volume was 
found to be conserved during compressive stress of up to 
60%. Multiple tests showed that dosimeters irradiated 
partially under tensile stress returned completely to their 
original geometries after removing the stress (see table). 
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Conclusion: The dosimeter's deformable properties are not 
altered significantly by repeated strain or irradiation, its 
volume is conserved under compression and it displays 
predictable behavior when being irradiated under strain. 
These properties makes the dosimeter a very strong 
candidate for direct dose measurement in deformed 
geometries. 
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Purpose or Objective: The Purpose of this work was to 
investigate the long term correlation between leaf 
positioning errors determined using LINAC log-files with an 
independent method. 
 
Material and Methods: A picket fence pattern was irradiated 
on four different LINACs with simultaneous EPID 
measurement and log-file recording. Measurements were 
performed on two VersaHD and two Synergy LINACs (Elekta 
AB, Stockholm, Sweden) over a period of six months on a 
weekly basis. The picket fence pattern consisted of 5 bands 
with a width of 2 cm. The positions of bands' centers were -
11 cm,-2 cm, 0 cm, 2 cm and 11cm. An in-house developed 
software was employed to calculate the deviation of the 
actual leaf positions according to the log-file data from the 
planned position. The simultaneously acquired EPID images 
were analyzed using MLCSoft-EPID (PTW, Freiburg, Germany) 
and provided reference data. The sensitivity of all 
measurement methods was evaluated by means of 
implementing leaf errors in the picket fence pattern. The 
sensitivity of both methods was investigated by artificially 
introducing leaf positioning errors of 0.5 mm, 1 mm and 2 
mm. In order to investigate the correlation between log-file 
and EPID data, Pearson's correlation coefficient was 
calculated considering all leafs as unity of each LINAC over 
the measurement period (henceforth denoted as total 
correlation coefficient ptot). Additionally, Pearson's 
correlation coefficient was calculated for each leaf 
separately (pL). The percentage of the absolute value of pL 
exceeding 0.6 was reported. 
 
Results: The artificially introduced errors were detected by 
both measurement systems. The total correlation coefficients 
for LINAC 1, LINAC 2, LINAC 3 and LINAC 4 were 0.44, 0.06, 
0.61 and -0.19, respectively. In contrast to that, only 0%, 
2.04%, 6% and 0% of the absolute values of correlation 
coefficients calculated for each leaf separately exceeded a 
value of 0.6. These results are summarized in Table 1. In 
Figure 2 depicts an example of a scatter plot of the data 
acquired for LINAC 2. 
 
 
 
 
 
Conclusion: When investigating the correlation of MLC 
positioning errors detected with different methods, it is not 
sufficient to consider correlation coefficients based on sets of 
leafs, since a bias could be introduced. Such correlations 
must be investigated for each single leaf separately. This 
investigation revealed a poor correlation between log-file 
detected leaf positioning errors with EPID detected leaf 
positioning errors. However, deviations from planned leaf 
positions can potentially be detected using log-files, provided 
that a rigorous MLC quality assurance procedure using an 
independent system is performed on a regular basis. 
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Purpose or Objective: In order to improve the accuracy of 
RapidArc delivered doses, users of Eclipse TPS commonly are 
forced to tailor the values of dosimetric leaf gap (DLG) and 
MLC transmission factor (TF). The aim of this work is to 
propose a methodology to improve the agreement between 
planned and delivered dose identifying a suitable group of 
(DLG,TF) couples. 
 
Material and Methods: The 2D variation of DLG and TF has 
been measured for a Varian Unique Linac equipped with a 
Millennium 120 MLC. Using the 2D maps of DLG and TF an 
optimal couple (DLG,TF) has been computed for 50 treatment 
plans including H&N, chest and pelvis. A clinical couple 
(DLG,TF) has been computed as the mean over each optimal 
couple for the entire group of plans and for subgroups. Pre-
treatment QA has been performed using a cylindrical diodes 
array and analyzed using both gamma index and DVH-
oriented metric. QA results of any calculated plan has been 
correlated with the distance between the clinical couple and 
the optimal one. Finally a sensitivity analysis has been 
performed to assess a relation between the results of pre-
